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OBJECTIVE

Estimation of PM2.5 mass concentration at surface

(ngm) while utilizing satellite derived Aerosol
Optical Depth (AOD — unitless quantity) at visible
wavelength
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MODIS-Terra True Color Images




MODIS-Terra Aerosol Optical Thickness
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AOD (or AOT) to PM
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Measurement
Technique
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AOD - Column integrated value ;

(top of the atmosphere to PM2.5 - Mass per unit
surface) - Optical measurement volume of aerosol

of aerosol loading - unitless. particles less than 2.5
AOD is function of shape, size, HM in aerodynamic
type and humber concentration diameter at surface

of aerosols — (measurement height)

level



AOD - PM Relation

Top-of-Atmosphere 4
AOD (1) = f Boxtp(h2)dz C = P o Uz x AOD
sarface 3Q H PBL

p — particle density

Q - extinction
coefficient

r. — effective radius » Size distribution

fegL — % AOD in PBL :I— Vertical profile
Hpg, — Mixing height

:I_ Composition




PM2.5 Estimation: Popular Methods

_ Difficulty Level

o
Variable (‘ ‘
Method

Multi-
Variable
Method

. Model surface aerosol concentration
Estimated PM3 5 = = Model AOD
X Retrieved AOD

and Empirical Methods, Data Assimilation etc. are under utilized



Simple Models from Early Days
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Figure 14. Relationship between 24-hour PM;, concen-
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AOT-PM2.5 Relationship
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PM2.5 Estimation: Popular Methods

Difficulty Level
; ‘Y=mX +c \/
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. Model surface aerosol concentration
Estimated PM3 5 = = Model AOD
X Retrieved AOD

and Empirical Methods, Data Assimilation etc. are underutilized




Multi Variable Method

Predictor: AOD Predictor: AOD + Meteorology
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PM2.5 Estimation: Popular Methods
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. Model surface aerosol concentration
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Time Series Examples of Results from ANN
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PM2.5 Mass Concentration (ugm-3)
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PM2.5 Estimation: Popular Methods

Difficulty Level
; ‘Y=mX +c \/

( AOT
PM2.5 = Bo + o0+ T+ Yooy (B * M)
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) Model surface aerosol concentration
Estimated PMy.s = Model AOD
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and Empirical Methods, Data Assimilation etc. are underutilized




Questions to Ask: Issues

vHow accurate are these estimates?
vIs the PM2.5-A0D relationship always linear?

vHow does AOD retrieval uncertainty affect
estimation of air quality?

v'Does this relationship change in space and time?

v'Does this relationship change with aerosol type?

vHow does meteorology drive this relationship?

vHow does the vertical distribution of aerosols in
the atmosphere affect these estimates?




The Use of Satellite Data

Currently for research

Spatial trends of PM, : at regional to national
level

Interannual variability of PM,
Model calibration / validation
Exposure assessment for health effect studies

In the near future for research

Spatial trends at urban scale
Improved coverage and accuracy
Fused statistical — deterministic models

For regulation? 2



Tradeoffs and Limitations

Spatial resolution - varies from sensor
to sensor and parameter to parameter

Temporal resolution — depends on
satellite orbits (polar vs
geostationary), swath width etc.

Retrieval accuracies — varies with
sensors and regions

Calibration
Data Format, Data version

Etc.
No textbook solution!



2009 CRITICAL REVIEW
—_—

The use of the AOD as a measure tor mass concentra-
tion has skill in some regions but less in others and does
itz wewed not provide a uniform way to measure aerosols across the
e United States. We discussed in Table 4 the range of mea-

r Remote Sensina of Particilata Dan.
- from Space: H:
Promised Land
A observations have developed and yet, to date, no satellite

R.M. Hoff S.A. Chnistopher

Raymond M. Hoff

dards (NAAQS).142 The 39-yr history of those standards par-

allels the time period that satellite meteorology and

measurements have been used to quantitatively address the
NAAQS. From the review conducted here, only one congres-

Department of Physics and the Joint Center for Earth Systams T~~~ Th Sciences

and Technology Canter, Univarsity of Maryiand £

Sundar & 7~ an -m\egra\ P

EPA has taken a satellite observations role for itself in
the Exceptional Events Rule.1#4 If a region can show con-
clusively that they are being impacted by an event (a fire,
a dust storm, etc.) that is outside of their jurisdiction to
regulate, the event can be flagged as a nonexceedance
event. This provides a significant motivation for regional




NASA’'s Worldview

(https:/ /earthdata.nasa.gov/labs/worldview/)
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Visualization tool for near real time
satellite observations



GIOVANNI
(Visualization and Analysis of Level 3 Satellite

Products)

“ EARTHDATA Data Discovery ~ DAACs ~ Community ~ Science Disciplines ~

G’OVANNI The Bridge Between Data and Science v 4.16 Release Notes Browser Compatibility Known Issues

Time-Averaged Scatter temporarily unavailable... [1 of 2 messages] Read More
Select Plot

Maps: Select.. ¥ Comparisons: Select... ¥ [OTime Series: Area-Averaged v] Vertical: Select.. ¥ Miscellaneous: Select... ¥
Select Date Range (UTC) Select Region (Bounding Box or Shapefile)
YYYY-MM-DD HH:mm Format: West, South, East, North
2002 -07 -01 to 12015 -07 -31 -180, -90, 180, 90 Show Map = Show Shapes

Valid Range: 1979-01-01 to 2015-09-28

Select Variables
¥ Disciplines Number of matching Variables: 128 of 570 Total Variable(s) included in Plot: 0

Aerosols (128) Please select at least 1 variable
Atmospheric Chemistry (36) Keyword : Search | Clear

_| Atmospheric Dynamics (125) Variable Name Source Temp. Res. Spat. Res. Begin Date End Date Units Vert. Slice
Cryosphere (5) Aerosol Angstrom E £ 550/865 nm (Dark

= - erosol Angstrom Exponen nm (Dar g ] . oy oy R R
giz;or:ogiil(j::zw) Target, Ocean-only) (MODO8 D3 v051) MODIS-Terra Daily 1 2000-03-01 2015-09-26

3 Oceanography (8) Aerosol Angstrom Exponent 470/660 nm (Dark MODIS-Terra Dail e 2000-03-01 2015-09-26 R _
Water and Energy Cycle (248) Target, Land-only) (MODO08 D3 v051) Y

> | damm ot s wosTers omy 1 mmes msem -
Aerosol Index (3)

~| Aerosol Optical Depth (2) _ Pixel Count of Aerosol Optical Depth 550 nm (Dark

MODIS-Terra Daily = 2000-03-01 2015-09-26 - -
Albedo (7) Target) (MODO8 D3 v051)
) Angstrom Exponent (16) Aerosol Optical Depth 550 nm (Deep Blue. Land- MODIS-Terra Dail 1e 2000-03-01 2007-12-31 R -
Component Aerosol Optical Depth (7) only) (MODO8 D3 v051) Y
Statistics (28) . Aerosol Angstrom Exponent 550/865 nm (Dark TR e e 4o 090708 01E0a17 ) )

Total AOD Climatology Anomaly (6)

‘ Reset H Feedback “ Plot Data

Responsible NASA Official: Steven.J.Kempler@nasa.gov Powered By:

http://giovanni.sci.gsfc.nasa.gov/




Python Tools

NASA ARSET

Applied Remote Sensing Training

DISASTERS ECO FORECASTING HEALTH & AIR QUALITY WATER RESOURCES

Health & Air Quality Python Scripts for Aerosol Data Sets from MERRA, MODIS, and OMI:
P Air Quality Webinars

MERRA-
P Air Quality Workshops Number Purpose/Objective MODIS-HDF4 OMI-HDF5
netCDF4
» Applications
¥ Tools @ Script
1 To extract aerosol data from a file and create a map d! Script README ! Script README -
- Python Scripts of the resulting data README
- Polar Orbit Satellite
To view info about a variety of SDS from a file, both . .
Air Quality Personnel 2 @l Script README @! Script README
generally and at a specific lat/lon
M 2 2 ! Script
Upcom|ng Tralnlng 3 To print all SDS from a file @ Script README @! Script README
README
Ecoforecasting
- T file in ASCII f t: time, lat, lon, and " .
NASA Remote SenSIng for 4 osaveaflein jormat: saves time, iat, lon, an a’ Script README a' Script README g. sc"pt
other SDS dependent on file type README

Wildfire Applications

10/06/2015 to 10/08/2015
To extract AOD data from a MODIS HDF4 file, calculate

5 PM2.5 from the data, and create a map of the results dl Script README
Airqualit: y .
q Yy 6 To read a list of MODIS HDF4 files, and grid AOD to a 3,: Scrlpt
Satellite Remote Sensing of
9 user-defined grid size README

Particulate Matter Air Quality:
Data, Tools, Methods and




Some online tools

U.S. Air Quality UMBC |

The Smog Blog Ax wonons

uNivERSITY

IN MARTLAND

April 20, 2013

About the U.S. Air Quality Weblog
WEEKEND EDITION: AIR QUALITY IS GENERALLY GOOD ACROSS US EXCEPT OZONE COMING UP IN CALIFORNIA

The smoke that has been pouring out of Central Americais suppressed a bit today by clouds over the Yucatan. The only spotin the US that is even
in the moderate air quality range is in southern California. The ozone levels are increasing to about 60-70 ppb, not quite yet at the hourly
exceedance level of 75 ppb, but clearly showing the start of ozone season has come.
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Infusing satellite

Data into
Environmental
Applications
We value your feedback! Please send any comments, problems and suggestions to the A
IDES Team, MGDIS (RRian WEABRA

TCUCYEOM MoDiS(Aqua) | GASP | GASPWEST ]|  VIRSCONUS ] VIRSOGONUS

Plots of MODIS Terra RGB and aerosol optical depth (AOD) 48-hour aerosol trajectory forecast, with model winds and
precipitation

Select Region View latest
Prodiuct description Product description
3-day composite history* PM2.5 Estimation from AOD

Data are only available for US region

http://www.star.nesdis.noaa.gov/smcd/spb/aqg/




AIRNow Satellite Data Processor

The AIRNow Satellite Data Processor (ASDP) ASDP System Overview
is a system under development that enables blending (or fusing) of

surface PM, 5 measurements and satellite-estimated PM,; 5

concentrations to provide additional air quality information to
AIRNow in regions without existing surface air qualitv monitoring

networks.

The ASDP system builds the capacity and framework necessarv to
implement satellite data as these data become available to the air
quality community. This project is being funded by the NASA
Applied Sciences Program.

. Log In to Learn More

airnowtech.org

Data are only available for US region



Air Quality Mini Project

(http://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/AOD PM/
Webinar MiniProject Guidelines forwebpage.pdf)

Important Dates:

[0 October 15, 2015: Project Title, Team Members, and
other Details are Due. Enter Your Project Information
(Information can be entered before the deadline)

[0 November 10, 2015: Project Presentation (not more
than 5 slides) due.

O More information on the project submission will be
available close to the deadline.

[0 November 20, 2015: Project Presentation — more
details will follow soon.



Air Quality Mini Project

O Disclaimer: All projects suggested or completed as
part of this webinar series are exclusively for the
purpose of learning and may not be used for
publications, reports or any kind of official document,
presentation, or paper. NASA ARSET is not
responsible for providing any kind of formal review of
the research conducted as part of this webinar
project.

O Participants are encouraged to work on this project
as a team of 2-10 people but it is not mandatory and
you can work individually as well. NASA-ARSET
program will not assist in forming and managing
project teams.



Air Quality Mini Project

O All projects must have a satellite component.

Participants are highly encouraged to use data, tools,
and methods covered during this webinar series.

Previously done projects and research cannot be
submitted.




Air Quality Mini Project - suggested Topics

PM2.5 Estimation using Satellite Data: Estimate PM2.5 over a certain region or place
using satellite, surface and model data sets. You can use any method (or methods) to make
your estimations, and can use your own PM2.5 data or download some from SPARTAN/
AirNow networks or other sources. Please see the suggested resources and tools section for

further details.

Long Term Trend Analysis: Perform long-term air quality trend analysis over a certain
region or place using satellite observations, while supporting results with surface
measurements. Regional trends can be performed using level 3 satellite data sets as long as
errors and uncertainties involved are known and discussed.

Transport of smoke, dust, and/or volcanic emissions: Perform a case study analysis of
certain air quality event in the region of interest. Analyze the impact of smoke or dust

transport on the local and regional air quality using multiple data sets, tools and models.

Your own project: This air quality project is not limited to topics suggested above. If you
have other ideas, you are more than welcome to define your own project.



Home Work - Week 2

Perform time series analysis of aerosol
optical depth using MODIS L3 monthly
mean data over selected region of 5x5
degree. Analysis is performed using
GIOVANNI and EXCEL.

http://goo.gl/forms/KUzkGollso




